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PETROLEUM GASES TEST PLAN

PLAIN LANGUAGE SUMMARY

There are 153 HPV substances covered in the Petroleum Gases Test Plan plus 8 similar substances that are not on
EPA's 1990 HPV list. These substances come from natural gas processing and petroleum refining operations. Most
of the gases are produced as by-products from different processes in the refinery. Many are combined and undergo
further processing to remove unwanted impurities before being sold. Others are burned as fuel to operate refinery
equipment. In either case, most of these petroleum gases are intermediate process streams that do not leave the
refinery. Only a few of the 161 gases in the test plan are sold as finished products.

Although the compositions of these gaseous substances vary widely, they have a finite number of possible
constituents. They all contain predominately gases or highly volatile liquids having one to five carbon atoms (C1 to
C5) along with inorganic substances such as hydrogen, hydrogen sulfide, carbon monoxide, and ammonia. This is
why a single category can encompass this large group of substances. The Petroleum HPV Testing Group will
evaluate each of the individual C1 to C4 saturated hydrocarbons (methane, ethane, propane, butane, and isobutane)
and a representative commercial sample of liquefied petroleum gas (LPG). This information will be combined with
existing data on the inorganic substances and data that are being developed by other consortia in the HPV Challenge
or through other mechanisms (OECD, ICCA, or EPA test rule) to develop a complete hazard evaluation of all the
substances in the Petroleum Gases Test Plan.

Much is already known about how simple petroleum gases affect the body. The lighter gases (methane and ethane)
are considered simple asphyxiants which means that at low concentrations they do not cause harmful effects. At
very high concentrations however, they displace oxygen in the air and reduce the amount available for breathing.
Prolonged exposure at these concentrations can cause asphyxiation (or suffocation) from lack of oxygen. The
heavier gases (propane and butanes) can also act as asphyxiants but also have a mild depressant effect on the
nervous system. Symptoms of overexposure can include shortness of breath, drowsiness, headaches, confusion, and
decreased coordination. These symptoms are reversible if exposure is stopped. At the concentrations required to
cause effects these gases also present an explosive hazard, so exposure to these levels is rare.

Because these gases can directly or indirectly (as an asphyxiant) affect the nervous system, the simple gases (ethane,
propane, butane, and isobutane) will be tested to determine what concentrations do have an effect. This will be done
in animal studies using high concentrations for short durations. Because of the flammability hazard, the
concentrations used will be limited to one-half the lower explosive limit of the gas. All the gases except methane
will also be tested in studies lasting 28 days to determine whether prolonged exposures can affect any of the body’s
organ systems. Methane is not being tested because its known to be present at high concentrations in intestinal
gases. In addition, longer-term (90-day) studies will be done with the LPG, using more specialized techniques to
detect possible nervous system harm.

Many of the individual gases have already been tested in studies using bacteria for their ability to alter DNA, and
were found to be negative. No studies have been done to look for DNA alterations in animals exposed to the gases,
so these studies will be done using the individual gases as well as the LPG sample. Animal studies will also be done
on the individual gases to determine their ability to cause adverse reproductive effects and effects on the developing
fetus. The LPG sample will be evaluated in specialized studies to detect the possibility of birth defects.

Because these materials are gases they will disperse to the atmosphere if released into the environment. They would
not be expected to contaminate water, accumulate in the soil, or adversely affect plant life. For that reason, no
aquatic or other environmental effects studies are planned. Information on their environmental fate may be
developed if appropriate.
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DESCRIPTION OF THE PETROLEUM GASES CATEGORY

The 161 substances in the Petroleum Gases Test Plan are gases or highly volatile liquids at standard temperature and
pressure. A few of the substances are pure compounds such as Propane and Butane, but most are variable complex
substances. The convention for assigning CAS names to these substances is usually based on last process step, e.g.,
Tail gas (petroleum), gas recovery plant dethanizer, but in some cases, the names are based on a general chemical
description, e.g., Hydrocarbons, C2-4, C3-rich. Appendix 1 provides a complete listing of substances included in
this Test Plan. These gaseous materials are Class Il substances on the Toxic Substances Control Act (TSCA)
Chemical Inventory. Class Il substances are, “Chemical Substances of Unknown or Variable Composition,
Complex Reaction Products, and Biological Materials.”

Analytical capabilities allow determination of the complete composition of gas streams containing hydrocarbons C5
and lighter, plus incidental gases such as hydrogen sulfide, ammonia, carbon monoxide, carbon dioxide, and
hydrogen. The status of gas streams with respect to TSCA, therefore, could be determined by identification of the
individual components present. This approach was adopted in the joint API/EPA preparation of Addendum I to the
TSCA Inventory in January 1978. Therefore, numerous gas streams were reported for the TSCA Inventory and have
been used by manufacturers in their Inventory Update Rule (IUR) submissions ever since.

The Petroleum HPV Testing Group has coordinated its efforts with other testing consortia to avoid duplication of
effort on this large and complex set of substances. To that end, the substances in this test plan are primarily
produced either in petroleum refineries as the light end fractions of distillation and cracking processes, or in gas
plants that separate natural gas and natural gas liquids. Other consortia (see Test Material Justification and
Description for more details) are submitting complementary test plans.

Classification of Petroleum Gases

The Petroleum HPV Testing Group has used the same categorization of petroleum substances that has been adopted
by the European Union (EU) in their legislation (Official Journal of the European Communities, L84 Volume 36, 5
April 1993. Council Regulation (EEC) No 793/93 of 23 March 1993 on the evaluation and control of risks of
existing substances). Adoption of this existing categorization facilitates international harmonization of classification
of these complex chemical substances of variable composition. Additionally, use of the same categories will also
facilitate coordination of efforts to summarize existing data and develop new hazard data that will be appropriate for
hazard and risk characterization worldwide and, therefore, avoid unnecessary duplication of testing.

The petroleum gases in this test plan fit into one of two EU categories for petroleum substances as follows:

Petroleum Gases (Category 2)

Streams obtained from crude oil distillation, cracking processes, and tail gases containing saturated and/or
olefinic hydrocarbons, mainly in the range C, to Cs, including liquefied gases (predominantly propane and
butane).

Refinery Gases (Category 35)
Streams obtained from various processes and containing C; to Cs hydrocarbons, together with significant
concentrations of other gases, such as hydrogen, nitrogen, hydrogen sulfide, carbon monoxide, etc.

Because the EU categories do not include substances from natural gas and gas liquids processing, several additional
HPV chemicals were placed into the appropriate category. This was simple to accomplish because the hydrocarbon
and inorganic constituents are identical to those found in the EU categories; only the origin of the substances is
different. This will not affect the hazard assessment of these substances.

Petroleum Refining

Petroleum, or crude oil, is an extremely complex substance. The hydrocarbon molecules may include from one to
50 or more carbon atoms. At room temperature, hydrocarbons containing one to four carbon atoms are gases; those
with five to 19 carbon atoms are usually liquids; and those with 40 or more carbon atoms are typically solids. The
refining process uses distillation as well as chemical treatment, catalysts, and pressure to separate and combine the
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basic types of hydrocarbon molecules into petroleum “streams” which have the characteristics needed for blending
commercial petroleum products. Distillation is not a precise procedure and refining processes vary from refinery to
refinery. As a consequence there is not a sharp cut-off between each of the streams that have been separated, and
this results in an overlap of substances that occurs in each of the streams. The overlap of substances that occurs
between petroleum gases, gasoline, kerosine/jet fuel, gas oils, and heavy fuel oils is solely attributable to the process
of separation by distillation. Figure 1 below shows the typical carbon chain lengths found in various petroleum
product groupings and clearly demonstrates the overlap of substances that occurs. Overlap between petroleum gases
and gasoline begins with compounds of carbon chain lengths four and greater. Compounds with carbon chain
lengths of six and greater (up to twelve) are predominantly found in gasoline.

Figure 1.

Crude Oil

Petroleum Gases | [

Gasoline

Kerosines/Jet Fuel

Gas Oils (Diesel Fuels/Heating Oils)

Heavy Fuel Oils

Lubricating Oil Basestocks

Product Groupings

Aromatic Extracts
Waxes and Related Products
Asphalts, Vacuum Residues, and Pitch

Petroleum Coke |

0 10 20 30 40 50

Carbon Number

Numerous refinery processes produce gaseous streams. These include primary distillation, catalytic cracking,
catalytic reforming, hydrocracking, hydrodesulfurization, hydrotreating, isomerization, polymerization, sweetening,
and thermal cracking. An analysis of gaseous streams from a representative USA refinery is contained in Appendix
2. The key findings of these analyses were the following:

Refinery gas streams have a limited number of constituents;
Compositions vary widely from stream-to-stream and sample-to-sample;
CAS numbers and TSCA Inventory descriptions do not specify exact composition;

The Test Material Justification and Description section of this Test Plan will use these key findings to outline an
efficient testing strategy for all 161petroleum gases.

Commercial Gas Processing

Production of natural gas involves separation of methane (the principle component of commercial natural gas) from
other hydrocarbons called natural gas condensate. Separation of the gaseous products is done in a processing
facility commonly called a "gas plant." The condensate is treated to remove undesirable components such as
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hydrogen sulfide and mercaptans (a process called "sweetening") and fractionated into commercial Liquefied
Petroleum Gas (LPG) products.

Natural gas and LPG are the most familiar substances in the Petroleum Gases Test Plan. LPG is predominantly a
mixture of C3 and C4 hydrocarbons with potentially small amounts of other hydrocarbons in the C1-C2 and C5-C7
range. Liquefaction of these gases occurs by application of pressures of a few atmospheres, which enables them to
be conveniently stored and transported in light pressure vessels. There are four LPG mixtures with specifications
established by the American Society for Testing and Materials (ASTM); none of them are associated with a specific
CAS number. Complete specifications can be found in ASTM D 1835.

The four are:
1. Commercial Propane is the preferred fuel type for domestic, commercial, and industrial fuels. It is also a suitable

fuel for low severity internal combustion engines. The composition is predominantly propane and/or propylene.
The maximum vapor pressure at 100F is 208 psig. It usually contains less than 2.5% of butane and heavier materials.

2. Commercial Butane is used principally as feedstock for petrochemicals, synthetic rubber, and as blending stocks
or feedstock in the manufacture of motor gasoline. Its use as a fuel is generally limited to industrial applications
where vaporization problems are not encountered; however, small quantities are used as domestic fuel. The
composition is predominantly butanes and/or butylenes. The maximum vapor pressure at 100F is 70 psig. It usually
contains less than 2.0% pentanes and heavier materials.

3. Commercial Butane-Propane Mixtures cover a broad range of mixtures, which permits the tailoring of fuels or
feedstock to specific needs. The composition is predominately mixtures of butanes and/or butylenes with propane
and/or propylene. The maximum vapor pressure at 100F is 208 psig. The mixture usually contains less than 2.0%
pentanes and heavier materials.

4. Propane HD-5 is less variable in composition and combustion characteristics than other products covered by the
specifications. It is also suitable as a fuel for internal combustion engines operating at moderate to high engine
severity. The composition is not less than 90% propane and not more than 5% propylene. The maximum vapor
pressure at 100F is 208 psig. It usually contains less than 2.5% of butane and heavier materials.

The hydrocarbons in the natural gas condensate that are C5 and greater are typically referred to as "natural
gasoline.” This is typically sold to refineries that process it along with crude oil. Natural gasoline will be included in
the Test Plan for Gasoline in 2001.

Chemical Composition

While the composition of substances within the Petroleum Gases Test Plan vary widely from stream-to-stream and
even from sample-to-sample, they have a finite number of possible hydrocarbon constituents. Table 1 presents the
principle hydrocarbons that make up these substances.
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Hydrocarbon Constituents Found in Petroleum Gases

Table 1

One Carbon | Two Carbons Three Carbons Four Carbons Five Carbons
Methane* Ethane* Propane* Butane* Pentane*
Ethylene* Propylene* Propane, 2-methyl* Butane, 2-methyl*
Ethyne Propadiene 1-Butene* Butane, 3-methyl
2-Butene* 1-Pentene

Propene, 2-methyl*

cis-2-Pentene

1,2-Butadiene

trans-2-Pentene

1,3-Butadiene

1-Butene, 2-methyl

1-Butene, 3-methyl

2-Butene, 2-methyl

1,2-Pentadiene

1-cis-3-Pentadiene

1-trans-3-Pentadiene

1,4-Pentadiene

2,3-Pentadiene

1,2-Butadiene, 3-
methyl

1,3-Butadiene, 2-
methyl

Cyclopentane

Cyclopentene

Cyclopentadiene

(*) Indicates constituents in the greatest abundance in the Petroleum Gases
Many of the individual hydrocarbons found in the substances in the Petroleum Gases Test Plan are on EPA's HPV
chemical list. Table 2 shows the basic hydrocarbon type of these components.

Table 2
Individual HPV Substances' in Refinery and Gas Processing Streams
Carbon Paraffins Iso- Cyclo- Mono- Di-Olefins Cyclo-
Number Paraffins paraffins Olefins Olefins
1 Methane*
2 Ethane* Ethylene*
3 Propane* Propylene*
4 Butane* Propane, 2- 1-Butene* 1,3-Butadiene
methyl*
2-Butene* 1,2-Butadiene
Propene, 2-
methyl*
5 Pentane* Butane, 2-  |Cyclopentane 1-Pentene 1,3-Butadiene, |Cyclopentene
methyl* 2-methyl
2-Butene, 2-
methyl

(*) Indicates constituents in the greatest abundance in the Petroleum Gases
1. On EPA list hpv90_2-29-00

The are also several constituents found in the substances in the Petroleum Gases Test Plan that are not hydrocarbons.
The inorganic substances, hydrogen, ammonia, hydrogen sulfide, carbon monoxide, and carbon dioxide, can be

Page 7 of 38



Final
08/15/00
Consortium #

found in significant concentrations. In addition, the mercaptans, methanethiol and ethanethiol, are often present.
The inorganic substances are not HPV chemicals, while the two mercaptans are HPV chemicals that have been
sponsored by the Mercaptans/Thiols Council.

TEST MATERIAL JUSTIFICATION AND DESCRIPTION

This test plan will take advantage of the fact that there are a limited number of potential constituents within the 161
substances covered by the Petroleum Gases Test Plan. The testing strategy of the Petroleum HPV Testing Group is
to evaluate several individual hydrocarbons and a representative LPG. This information will be combined with
existing data on inorganic substances and data being developed by other consortia to complete the hazard evaluation.
The American Chemistry Council (formerly, Chemical Manufacturers Association) Olefin's Panel, the American
Chemistry Council Hydrocarbon Solvent’s Panel, and the Mercaptan/Thiol Council are all developing data relevant
to the evaluation of the 161 substances in this test plan. Other substances are already part of the OECD/SIDS
program. Table 3 outlines the distribution of responsibility for developing information on the individual
constituents.

Table 3
Distribution of Responsibility Relevant to the Petroleum Gases Test Plan
Petroleum HPV Olefins Panel  |Hydrocarbon Mercaptans/ |OECD/SIDS |EPA Test Rule
Testing Group Solvents Panel Thiols Program on HPV
Council Chemicals
Methane* Propylene* Butane, 2-methyl*  |Methanethiol |Ethylene* 1,2-butadiene
Ethane* 1-Butene* Cyclopentane Ethanethiol  |1,3-Butadiene |1-Pentene
Propane* 2-Butene, 2- 2-Butene*
methyl
Butane* Propene, 2-
methyl*
Propane, 2-methyl* Pentane*
Sweetened LPG

(*) Indicates constituents in the greatest abundance in the Petroleum Gases

The Petroleum HPV Testing Group is responsible for the following materials:

CAS Number HPV Chemical

74-82-8 Methane

74-84-0 Ethane

74-98-6 Propane

106-97-8 Butane

78-78-4 Propane, 2-methyl

68476-86-8 Sweetened LPG (conforming to ASTM D 1835 specifications for Commercial Butane-

Propane Mixtures as well as EU requirements)

By taking this approach we not only satisfy the HPV Challenge requirements for the individual HPV substances, but
also evaluate the potential extremes of composition for all 161 substances in the Petroleum Gases Test Plan. The
samples used to test the individual gases will be of very high purity (>98%). The Sweetened LPG sample will be
representative of commercially available LPG that conforms to recognized specifications. These studies will
provide a sound scientific basis for judging the toxicity of gases commonly sold to consumers. Because the results
of the studies on LPG will be used to support voluntary risk assessments for petroleum substances having
widespread use in the EU, the sample used will meet not only ASTM specifications but applicable EU requirements
as well.
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EVALUATION OF EXISTING HEALTH EFFECTS DATA AND PROPOSED TESTING

As noted in the Test Material Justification and Description, the testing strategy is to evaluate several individual
hydrocarbons and a representative complex substance. This will be accomplished by developing data for needed
mammalian toxicity endpoints for the major alkane constituents of petroleum gases (ethane, propane, and butane),
the major isoalkane constituent (2-methylpropane), and a representative sample of Liquefied Petroleum Gas (LPG).
Detailed summaries of the available toxicology data, in the form of the Robust Summaries, are included in this test
plan (Appendix 3.). The additional toxicology testing to be conducted is summarized in the Matrix of Available
Adequate Data and Proposed Testing. Because of the vapor pressure of the test materials at standard temperature
and pressure, inhalation is the only route of exposure that will be evaluated.

Much is already known about the toxicity of petroleum hydrocarbon gases, both from industrial experience as well
as their historical use as anesthetic gases. The lighter gases (methane and ethane) are considered simple asphyxiants
which means that at low concentrations they do not cause harmful effects. At very high concentrations however,
they displace oxygen in the air and reduce the amount available for breathing. Prolonged exposure at these
concentrations can cause asphyxiation (or suffocation) from lack of oxygen. The heavier gases (propane and
butanes) can also act as asphyxiants but also have a mild depressant effect on the nervous system. Symptoms of
overexposure can include shortness of breath, drowsiness, headaches, confusion, and decreased coordination, and
are reversible if exposure is stopped. At the concentrations required to cause effects these gases also present an
explosive hazard, so exposure to these levels is not common

Since hydrocarbon gases are generally exhaled unchanged after absorption, it could be argued that additional testing
would provide little additional information on the potential toxicity of C1-C4 hydrocarbon gases. Nevertheless,
evaluation of the simple hydrocarbon gas components is an important part of the overall effort required by the
various groups participating in the HPV Challenge. A systematic and thorough evaluation of the individual
components is necessary to ensure that accurate information is available to assess the potential hazards of the 161
substances being addressed by this plan.

Acute Toxicity
Although the acute toxicity of these hydrocarbons is considered to be negligible, there are no recently conducted

studies done according to current guidelines. LCsg:sin rats were >800,000 ppm for propane exposure for 15 minutes,
>570,000 ppm for isobutane exposure for 15 minutes, and 276,000 ppm for butane exposure for 4 hours. The ECs,
for central nervous system (CNS) depression was reported to be 280,000 ppm after a 10-minute exposure of rats to
propane. However, isobutane was reported to cause CNS stimulation in rats with an ECs at levels of 200,000 ppm
for 10 minutes. Petroleum gases have been reported to sensitize the heart to epinephrine in experimental animals at
levels of 70,000 ppm. While no specific studies were located, petroleum gases are generally not considered to be
eye or skin irritants in their gas or vapor form, however as liquids, they can cause frostbite. The American
Conference of Governmental Industrial Hygienists (ACGIH) considers methane and ethane to be simple
asphyxiants. Occupational exposure standards have been established by ACGIH for propane, butane, and LPG
based on asphyxiation and CNS effects.

Summary: The saturated hydrocarbon components of petroleum gases are simple asphyxiants and may have
some CNS effects at very high levels, which would generally only be encountered during large, catastrophic,
accidental releases or in enclosed spaces. All of the toxicological effects cited above occurred at concentrations
well above the lower explosive limit for these materials. While the available acute toxicity studies were not
GLP and have marginal to unacceptable reliability per evaluation criteria, only limited additional testing is
planned. This testing will focus on evaluating the potential CNS effects of ethane, propane, butane,

isobutane, and sweetened LPG at concentrations up to 50% of the lower explosive limits. LCsyvalues will be
estimated from these studies.

Repeated Dose Toxicity
A repeated dose inhalation study was conducted using male and female rats exposed to 50:50 mixtures of either n-

butane/n-pentane or isobutane/isopentane for the purpose of examining possible nephrotoxic effects. Exposure was
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for 6 hours/day 5 days/week for 90 days. Necropsies were performed on one-half of the male rats after the twentieth
exposure. Exposure levels were 0, 1017, and 4489 ppm. After gross necropsy of all tissues for the presence of
lesions and other abnormal conditions only liver and kidney weights were determined. All major tissues were
collected and fixed, but only kidneys were examined histologically. Body weights, taken weekly, were statistically
decreased compared to control by weeks 3 and 4 in both sexes. These effects were reversed in male rats but not
female rats by the end of the study. A slight nephrotoxic response observed at the interim examination was not
observed at the end of the study. The NOAEL was 4489 ppm for 90 days. Although a GLP study, the limitations of
this study were the lack of complete histological examinations of tissues, including reproductive organs, and the lack
of clinical chemistry and hematological analyses. No effects were observed at ~1/4 the Lower Explosive Limit
(LEL) of these chemicals, suggesting that higher doses need to be tested.

Summary: There is only limited information available on petroleum gases using repeated dose studies. The
individual gases (with the exception of methane) will be tested using the 28-day repeated dose inhalation
study protocol (OECD 412). Because methane is a metabolic product of intestinal bacteria in humans and
intestinal gas can be up to 20% methane, no toxicology studies are needed on methane. Because the greatest
likelihood of potential exposure to the population at large is expected be to commercial petroleum gas
products for longer periods of time, the LPG sample will be tested using a 90-day repeated dose inhalation
protocol (OECD 413) that will include neurotoxicity evaluations.

In Vitro Genetic Toxicity

A number of petroleum gases have been tested for bacterial mutagenicity using the Ames Assay with Salmonella
typhimurium strains TA98, TA100, TA1535, TA1537, and TA1538 with and without metabolic activation.
Modified test protocol OECD 471 was used to test the gaseous substances at levels of 5, 10, 20, 30, 40, and 50% in
air. The six gases tested were predominantly (i.e., >96%) propane, n-butane, two isobutanes, n-pentane, and
isopentane. Positive controls were included in the study. Toxicity to some of the gases, but not mutagenicity, was
observed. Mutagenicity was not observed when the gases were retested at lower, non-toxic levels.

Summary: Propane, n-butane, isobutane, n-pentane, and isopentane were not mutagenic with or without
metabolic activation. On this basis, only the representative LPG sample will be tested using the Ames Assay
(OECD 471).

In Vivo Genetic Toxicity
No useable in vivo genetic toxicity data was identified.

Summary: No data was found. On this basis, all test substances in this category (except methane) will be
tested using a mammalian genetic toxicity protocol, OECD 474 (micronucleus assay) conducted by inhalation.

Reproductive and Developmental Toxicity
No useable reproductive or developmental toxicity test data were identified.

Summary: Because of the lack of test data, all individual gases (except methane) and the LPG stream will be
tested using reproductive and developmental protocols. The individual gases of this category will be tested
using the combined reproduction/developmental testing protocol (OECD 421) conducted by inhalation
exposure. Because the greatest likelihood of potential exposure to the population at large is expected to be to
mixed petroleum gas streams for longer periods of time, the LPG stream will be tested for developmental
toxicity (OECD 414) using inhalation exposures.

EVALUATION OF EXISITING PHYSICOCHEMICAL AND ENVIRONMENTAL FATE DATA AND
PROPOSED TESTING

The physicochemical endpoints in the HPV chemicals program include:

Melting Point
Boiling Point
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Vapor Pressure
Octanol/Water Partition Coefficient
Water Solubility

The environmental fate endpoints include:
Photodegradation

Stability in Water (Hydrolysis)

Transport and Distribution (Fugacity)
Biodegradation

Physicochemical Data

Available data on methane, ethane, propane, butane, and 2-methylpropane are in the robust summaries for these
materials. The range of values for these chemicals will cover the substances in this testing plan. For those substances
with inorganic constituents like hydrogen sulfide or carbon monoxide, their physicochemical properties may be
influenced by the quantity of inorganic present. Where appropriate, data for these constituents will be added to the
robust summaries.

In addition to existing information, physicochemical data for methane, ethane, propane, butane, and 2-
methylpropane will be developed using sources recommended by EPA. There are estimation models (Structure-
Activity Relationships, SAR) for each of these endpoints in the EPIWIN (1) (Estimation Program Interface for
Windows) computer program and EPA has indicated that it will accept estimated data using this program (2).

Summary: Where measured values are not available from the literature for methane, ethane, propane,
butane, and 2-methylpropane, we will calculate physicochemical data as described in the EPA document
titled, The Use of Structure-Activity Relationships (SAR) in the High Production Volume Chemicals Challenge
Program and add them to the robust summaries.

Environmental Fate Data

Calculated atmospheric half-lives for methane, ethane, propane, butane, and 2-methylpropane are in the robust
summaries for these materials. The fugacity modeling supports the position that data on other environmental fate
processes (e.g., biodegradation and hydrolysis) will either be much less or not relevant when assessing the fate of
Petroleum Gases. Predictive computer models will be used to develop meaningful environmental fate data for
chemicals that are gaseous at relevant environmental temperatures and pressures. Although there are some data for
the Petroleum Gases category, additional information will be prepared.

The following describes the fate endpoints and the type of data/information that will be developed.

Photodegradation: Direct photochemical degradation occurs through the absorbance of solar radiation by a
chemical substance. If the absorbed energy is high enough, the resultant excited state of the chemical may undergo a
transformation. Simple chemical structure can be examined to determine whether a chemical has the potential for
direct photolysis in water. First order reaction rates can be calculated for some chemicals that have a potential for
direct photolysis using the procedures of Zepp and Cline (4).

Photodegradation can be measured (3) (EPA identifies OECD test guideline 113 as a test method) or estimated using
computer models accepted by the EPA (2). An estimation method accepted by the EPA includes the calculation of
chemical specific atmospheric oxidation potentials (AOP). Atmospheric oxidation can occur as a result of hydroxyl
radical attack. This reaction is not direct photochemical degradation, but rather indirect degradation and can be
calculated using a computer model. Chemicals that are gases will be available for atmospheric oxidation reactions
with photochemically generated hydroxyl radicals. This will be the most significant route of degradation in the
environment for the chemical components comprising Petroleum Gases.

Although there are data for photodegradation in the robust summaries for methane, ethane, propane, butane, and 2-

methylpropane, their quality cannot be confirmed. Therefore, relevant atmospheric degradation data will be
calculated using the computer program AOPWIN (1). This program calculates a chemical half-life based on an
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overall OH reaction rate constant during a 12-hr day and a standard OH concentration (a 12-hr period is used
because this reaction occurs during daylight). This calculation will be performed for methane, ethane, propane,
butane, and 2-methylpropane.

Summary: Because of the reliability of available data, we will calculate atmospheric oxidation potential data
for methane, ethane, propane, butane, 2-methylpropane.

Stability in Water: Hydrolysis of an organic chemical is the transformation process in which a water molecule or
hydroxide ion reacts to form a new carbon-oxygen bond. Chemicals that have a potential to hydrolyze include alkyl
halides, amides, carbamates, carboxylic acid esters and lactones, epoxides, phosphate esters, and sulfonic acid esters
(5). The chemical components that comprise the Petroleum Gases category are hydrocarbons, which are not included
in these chemical groups, and they are not subject to hydrolysis reactions with water.

Stability in water can be measured (3) (EPA identifies OECD test guideline 111 as a test method) or estimated using
computer models accepted by the EPA (2). HYDROWIN (aqueous hydrolysis rate program for Microsoft windows)
(1) is an estimation method accepted by the EPA that can be used to calculate hydrolysis rate constants for esters,
carbamates, epoxides, halomethanes, and selected alkylhalides. It will not be necessary to run the model for the
chemical components in this category because they do not fall within these chemical groups. Instead, a technical
discussion as to why these chemicals are not subject to hydrolysis will be prepared.

Summary: Hydrolysis testing and computer modeling will not be conducted for materials in the Petroleum
Gases category because they do not undergo hydrolysis. Instead, a technical discussion on the potential for
methane, ethane, propane, butane, and 2-methylpropane to hydrolyze will be prepared and added to the
robust summaries.

Chemical Transport and Distribution in the Environment: Fugacity based multimedia modeling can provide
basic information on the relative distribution of chemicals between selected environmental compartments (i.e., air,
soil, sediment, suspended sediment, water, and biota). The US EPA has acknowledged that computer modeling
techniques are an appropriate approach to estimating chemical partitioning (fugacity is a calculated endpoint and is
not measured).

A widely used fugacity model is the EQC (Equilibrium Criterion) model (6). EPA cites the use of this model in its
document titled Determining the Adequacy of Existing Data (3), which was prepared as guidance for the HPV
chemical program. In its document, EPA states that it accepts Level | fugacity data as an estimate of chemical
distribution values. The EQC Level 1 is a steady state, equilibrium model that utilizes the input of basic chemical
properties including molecular weight, vapor pressure, and water solubility to calculate distribution within a
standardized regional environment. This model will be used to calculate distribution values for methane, ethane,
propane, butane, and 2-methylpropane. A computer model, EPIWIN - version 3.02 (1), will be used to calculate the
properties needed to run the Level | EQC model.

Summary: Because of the reliability of existing data, we will calculate fugacity data for methane, ethane,
propane, butane, and 2-methylpropane.

Biodegradation: Biodegradation is the utilization of a chemical by microorganisms as a source of energy and/or
carbon. The chemical is broken down to simpler, smaller chemicals, which are ultimately converted to an inorganic
form such as carbon dioxide, nitrate, sulfate, and water. Assessing the biodegradability of chemicals using a
standard testing guideline can provide useful information for evaluating chemical hazard.

Products in this category are gaseous. Standard OECD biodegradation test methods are either ill designed or not
capable of assessing the relative biodegradability of gaseous materials. Although there are data in the biodegradation
robust summaries for methane, ethane, propane, butane, and 2-methylpropane, their quality cannot be confirmed.

To provide relevant information for this endpoint, a discussion will be developed on the physical nature of these
compounds and the fact that their primary route of loss will be to the air compartment where they will degrade
through hydroxyl radical attack (see photodegradation above).
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Summary: Because biodegradation is an unlikely fate and available test methods are unsuitable for gases, we
will instead prepare a technical discussion on the potential for methane, ethane, propane, butane, and 2-
methylpropane to degrade through physical and biological processes.

EVALUATION OF EXISITING ECOTOXICITY DATA AND PROPOSED TESTING

The environmental effects endpoints in the HPV Challenge program include:

Acute Toxicity to Fish
Acute Toxicity to Aquatic Invertebrates
Toxicity to Algae (Growth Inhibition)

Measured aquatic toxicity data do not exist for chemicals or products that are included in the Petroleum Gases
category. EPA identifies the following test methods to determine these endpoints: OECD Guideline 203, Fish Acute
Toxicity Test; Guideline 202, Daphnia sp., Acute Immobilization Test; and Guideline 201, Alga Growth Inhibition
Test (3). However, these test guidelines were not designed to assess the acute toxicity of gaseous products like those
in the Petroleum Gases category.

As discussed above, the partitioning behavior of the principal hydrocarbon components of Petroleum Gases in the
environment suggests that exposure of organisms in aquatic environments to methane, ethane, propane, butane, and
2-methylpropane will be extremely limited. Therefore, fish, aquatic invertebrate, and alga toxicity studies will not be
conducted. Instead, a technical discussion will be developed that addresses the physical nature of these substances as
well as the fact that the primary compartment to which these products will partition is the air. This statement will
include a discussion of calculated aquatic toxicity data for methane, ethane, propane, butane, and 2-methylpropane.
The calculated data will be developed using ECOSAR, a SAR program found in EPIWIN (1).

Summary: No ecotoxicity testing will be conducted. Instead, a discussion of the potential aquatic toxicity of

methane, ethane, propane, butane, and 2-methylpropane using modeled data will be prepared and included
in the robust summaries.
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MATRIX OF AVAILABLE ADEQUATE DATA AND PROPOSED TESTING

Test Material Name Methane Ethane Propane | Butane Isobutane | Sweetened LPG
CAS # 74-82-8 74-84-0 74-98-6 | 106-97-8 | 75-28-5 68476-86-8
Melting Point Adequate | Adequate | Adequate | Adequate | Adequate | C

Boiling Point Adequate | Adequate | Adequate | Adequate | Adequate | C

Vapor Pressure Adequate | Adequate | Adequate | Adequate | Adequate | C

Partition Coefficient Model Model Model Model Model C

Water Solubility Model Model Model Model Model C
Photodegradation Model Model Model Model Model C

Stability in Water N/A N/A N/A N/A N/A N/A
Transport and Distribution | Model Model Model Model Model C
Biodegradation N/A N/A N/A N/A N/A N/A

Acute Toxicity to Fish N/A N/A N/A N/A N/A N/A

Acute Toxicity to Aquatic

Invertebrates N/A N/A N/A N/A N/A N/A
Toxicity to Algae N/A N/A N/A N/A N/A N/A

Acute Inhalation C Test Test Test Test Test
Repeated Dose C Test Test Test Test Test
Genotoxicity, bacterial C C Adequate | Adequate | Adequate | Test
Genotoxicity, in vivo C Test Test Test Test Test
Repro/Developmental C Test Test Test Test Test

Adequate Indicates adequate existing data

Test Indicates proposed testing

Model Indicates data will be obtained with EPA approved models

C Indicates category read-across from existing or proposed test data

N/A Indicates that evaluation of endpoint is Not Applicable due to physical-chemical state or route of

administration. Technical discussions will be developed to address these endpoints as appropriate.
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EU Category
CAS No.

APPENDIX 1

Petroleum Gases Category Constituents by CAS No.

Petroleum Gases (Category 2)

000074-82-8

Methane
No definition

000074-84-0

Ethane
No definition

000074-98-6

Propane, liquefied C3H8
No definition

000075-28-5

Propane, 2-methyl-
No definition

000078-78-4

Butane, 2-methyl
No definition

000106-97-8

Butane, pure C4H10
No definition

000109-66-0

Pentane
No definition

000115-07-1

1-Propene
No definition

000287-92-3

Cyclopentane
No definition

000513-35-9

2-Butene, 2-methy.-
No definition

008006-14-2

Natural gas

Raw natural gas, as found in nature, or a gaseous combination of hydrocarbons having
carbon numbers predominantly in the range of C1 through C4 separated from raw natural
gas by the removal of natural gas condensate, natural gas liquid, and natural gas

condensate/natural gas.
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068131-75-9

Gases (petroleum), C3-4

A complex combination of hydrocarbons produced by distillation of products from the
cracking of crude oil. It consists of hydrocarbons having carbon numbers in the range of
C3 through C4, predominantly of propane and propylene, and boiling in the range of
approximately -51 °C to -1°C (-60°F to 30°F).

068307-98-2

Tail gas (petroleum), catalytic cracked distillate and catalytic cracked naphtha
fractionation absorber.

The complex combination of hydrocarbons from the distillation of the products from
catalytic cracked distillates and catalytic cracked naphtha. It consists predominantly of
hydrocarbons having carbon numbers in the range of C1 through C4.

068307-99-3

Tail gas (petroleum), catalytic polymn. naphtha fractionation stabilizer

A complex combination of hydrocarbons from the fractionation stabilization products
from polymerization of naphtha. It consists predominantly of hydrocarbons having
carbon numbers in the range of C1 through C4.

068308-02-1

Tail gas (petroleum), distn., hydrogen sulfide-free
No definition

068308-03-2

Tail gas (petroleum), gas oil catalytic cracking absorber

A complex combination of hydrocarbons obtained from the distillation of products from
the catalytic cracking of gas oil. It consists predominantly of hydrocarbons having carbon
numbers predominantly in the range of C1 through C5.

068308-04-3

Tail gas (petroleum), gas recovery plant

A complex combination of hydrocarbons from the distillation of products from
miscellaneous hydrocarbon streams. It consists predominantly of hydrocarbons having
carbon numbers predominantly in the range of C1 through C5.

068308-05-4

Tail gas (petroleum), gas recovery plant deethanizer

A complex combination of hydrocarbons from the distillation of products from
miscellaneous hydrocarbon streams. It consists of hydrocarbon having carbon numbers
predominantly in the range of C1 through C4.

068308-06-5

Tail gas (petroleum), hydrodesulfurized distillate and hydrodesulfurized naphtha
fractionator, acid-free

A complex combination of hydrocarbons obtained from fractionation of
hydrodesulfurised naphtha and distillate hydrocarbon streams and treated to remove
acidic impurities. It consists predominantly of hydrocarbons having carbon numbers
predominantly in the range of C1 through C5.

068308-08-7

Tail gas (petroleum), isomerized naphtha fractionation stabilizer
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A complex combination of hydrocarbons obtained from the fractionation stabilization
products from isomerized naphtha. It consists predominantly of hydrocarbons having
carbon numbers predominantly in the range of C1 through C4.

068308-09-8
Tail gas (petroleum), light straight-run naphtha stabilizer, hydrogen sulfide-free

A complex combination of hydrocarbons obtained from fractionation stabilization of light
straight run naphtha and from which hydrogen sulfide has been removed by amine
treatment. It consists predominantly of hydrocarbons having carbon numbers
predominantly in the range of C1 through C5.

068308-10-1
Tail gas (petroleum), straight run distillate hydrodesulfurizer, H2S free

A complex combination of hydrocarbons obtained from catalytic hydrodesulfurization of
straight run distillates and from which hydrogen sulfide has been removed by amine
treatment. It consists predominantly of hydrocarbons having carbon numbers
predominantly in the range of C1 through C4.

068308-11-2
Tail gas (petroleum), propane-propylene alkylation feed prep deethanizer

A complex combination of hydrocarbons obtained from the distillation of the reaction
products of propane with propylene. It consists of hydrocarbons having carbon
numbers predominantly in the range of C1 through C4.

068308-12-3
Tail gas (petroleum), vacuum gas oil hydrodesulfurizer, hydrogen sulfide-free

A complex combination of hydrocarbons obtained from catalytic hydrodesulfurization of
vacuum gas oil and from which hydrogen sulfide has been removed by amine treatment.
It consists predominantly of hydrocarbons having carbon numbers predominantly in the
range of C1 through C6.
068308-27-0
Fuel gases, refinery

A complex combination of light gases consisting of hydrogen and hydrocarbons having
carbon numbers predominantly in the range of C1 through C5.

068409-99-4
Gases (petroleum), catalytic cracked overheads

A complex combination of hydrocarbons produced by the distillation of products from
the catalytic cracking process. It consists of hydrocarbons having carbon numbers
predominantly in the range of C3 through C5 and boiling in the range of approximately -
48°C to 32°C (-54°F to 90°F).

068410-63-9
Natural gas, dried

A complex combination of hydrocarbons separated from natural gas. It consists of
saturated aliphatic hydrocarbons having carbon numbers in the range of C1 through C4,
predominantly methane and ethane.

068475-57-0
Alkanes, C1-2
No definition
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068475-58-1

Alkanes, C2-3

No definition
068475-59-2

Alkanes, C3-4

No definition
068475-60-5

Alkanes, C4-5

No definition
068476-26-6

Fuel gases

A combination of light gases. It consists predominantly of hydrogen and/or low
molecular weight hydrocarbons.

068476-27-7
Fuel gases, amine system residues

The complex residuum from the amine system for removal of hydrogen sulfide. It
consists primarily of hydrogen, methane and ethane with various small amounts of
nitrogen, carbon dioxide and hydrocarbons having carbon numbers predominantly in the
range of C3 through C5.

068476-28-8
Fuel gases, C6-8 catalytic reformer

A complex combination of gases obtained from a catalytic reforming process using C6-8
hydrocarbon feed. It consists primarily of hydrogen and methane with various small
amounts of nitrogen, carbon monoxide, carbon dioxide and hydrocarbons having carbon
numbers predominantly in the range of C2 through C6.

068476-29-9
Fuel gases, crude oil distillates
A complex combination of light gases produced by distillation of crude oil and by
catalytic reforming of naphtha. It consists of hydrogen and hydrocarbons having carbon
numbers predominantly in the range of C1 through C4 and boiling in the range of
approximately -217°C to -12°C (-423°F to 10°F).
068476-40-4
Hydrocarbons, C3-4
No definition
068476-42-6
Hydrocarbons, C4-5
No definition
068476-44-8
Hydrocarbons, C4 and higher
No definition
068476-49-3
Hydrocarbons, C2-4, C3-rich
No definition
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068476-54-0
Hydrocarbons, C3-5, polymn. unit feed

A complex combination of hydrocarbons collected from various processes. It consists
predominantly of saturated aliphatic hydrocarbons having carbon numbers
predominantly in the range of C3 to C5 and boiling in the range of approximately
-48.degree. C to 38.degree. C (-54.degree. F to 100.degree. F).

068476-85-7
Petroleum gases, liquefied

A complex combination of hydrocarbons produced by the distillation of crude oil. It

consists of hydrocarbons having carbon numbers predominantly in the range of C3

through C7 and boiling in the range of approximately -40°C to 80°C (-40°F to 176°F).
068476-86-8

Petroleum gases, liquefied, sweetened

A complex combination of hydrocarbons obtained by subjecting liquefied petroleum gas
mix to a sweetening process to convert mercaptans or to remove acidic impurities. It
consists of hydrocarbons having carbon numbers predominantly in the range of C3

through C7 and boiling in the range of approximately -40°C to 80°C (-40°F to 176°F).

068477-25-8
Waste gases, vent gas, C1-6

A complex combination of hydrocarbons produced by the distillation of products from
the vacuum unit. It consists of saturated hydrocarbons having carbon numbers in the
range of C1 through C6.

068477-33-8
Gases (petroleum), C3-4, isobutane-rich

A complex combination of hydrocarbons from the distillation of saturated and
unsaturated hydrocarbons usually ranging in carbon numbers from C3 through C6,
predominantly butane and isobutane. It consists of saturated and unsaturated
hydrocarbons having carbon numbers in the range of C3 through C4, predominantly
isobutane.

068477-42-9
Gases (petroleum), extractive, C3-5, butene-isobutylene-rich

A complex combination of hydrocarbons obtained from extractive distillation of saturated
and unsaturated aliphatic hydrocarbons usually ranging in carbon numbers from C3
through C5, predominantly C4. It consists of saturated and unsaturated hydrocarbons
having carbon numbers predominantly in the range of C3 through C5, predominantly
butenes and isobutylene.

068477-69-0
Gases (petroleum), butane splitter overheads

A complex combination of hydrocarbons obtained from the distillation of the butane
stream. It consists of aliphatic hydrocarbons having carbon numbers predominantly in
the range of C3 through C4.

068477-70-3
Gases (petroleum), C2-3
A complex combination of hydrocarbons produced by the distillation of products from a
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catalytic fractionation process. It contains predominantly ethane, ethylene, propane, and
propylene.

068477-71-4
Gases (petroleum), catalytic-cracked gas oil depropanizer bottoms, C4-rich acid-free

A complex combination of hydrocarbons obtained from fractionation of catalytic cracked
gas oil hydrocarbon stream and treated to remove hydrogen sulfide and other acidic
components. It consists of hydrocarbons having carbon numbers in the range of C3
through C5, predominantly C4.

068477-72-5
Gases (petroleum), catalytic-cracked naphtha debutanizer bottoms, C3-5-rich

A complex combination of hydrocarbons obtained from the stabilization of catalytic
cracked naphtha. It consists of aliphatic hydrocarbons having carbon numbers
predominantly in the range of C3 through C5.

068477-73-6

Gases (petroleum), catalytic cracked naphtha depropanizer overhead, C3-rich acid-free A
complex combination of hydrocarbons obtained from fractionation of catalytic cracked
hydrocarbons and to remove acidic impurities. It consists of hydrocarbons having carbon
numbers in the range of C2 through C4, predominantly C3.

068477-74-7
Gases (petroleum), catalytic cracker

A complex combination of hydrocarbons produced by the distillation of the products
from a catalytic cracking process. It consists predominantly of aliphatic hydrocarbons
having carbon numbers predominantly in the range of C1 through C6.

068477-75-8
Gases (petroleum), catalytic cracker, C1-5-rich

A complex combination of hydrocarbons produced by the distillation of products from a
catalytic cracking process. It consists of aliphatic hydrocarbons having carbon numbers
in the range of C1 through C6, predominantly C1 through C5.

068477-76-9
Gases (petroleum), catalytic polymd. naphtha stabilizer overhead, C2-4-rich

A complex combination of hydrocarbons obtained from the fractionation stabilization of
catalytic polymerized naphtha. It consists of aliphatic hydrocarbons having carbon
numbers in the range of C2 through C6, predominantly C2 through C4.

068477-79-2
Gases (petroleum), catalytic reformer, C1-4-rich

A complex combination of hydrocarbons produced by distillation of products from a
catalytic reforming process. It consists of hydrocarbons having carbon numbers in the
range of C1 through C6, predominantly C1 through C4.

068477-83-8
Gases (petroleum), C3-5 olefinic-paraffinic alkylation feed

A complex combination of olefinic and paraffinic hydrocarbons having carbon numbers
in the range of C3 through C5 which are used as alkylation feed. Ambient temperatures
normally exceed the critical temperature of these combinations.
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068477-85-0

Gases (petroleum), C4-rich

A complex combination of hydrocarbons produced by distillation of products from a
catalytic fractionation process. It consists of aliphatic hydrocarbons having carbon
numbers in the range of C3 through C5, predominantly C4.

068477-86-1

Gases (petroleum), deethanizer overheads

A complex combination of hydrocarbons produced from distillation of the gas and
gasoline fractions from the catalytic cracking process. It contains predominantly ethane
and ethylene.

068477-87-2

Gases (petroleum), deisobutanizer tower overheads

A complex combination of hydrocarbons produced by the atmospheric distillation of a
butane-butylene stream. It consists of aliphatic hydrocarbons having carbon numbers
predominantly in the range of C3 through C4.

068477-88-3

Gases (petroleum), deethanizer overheads, C3-rich

A complex combination of hydrocarbons produced by distillation of products from the
propylene purification unit. It consists of aliphatic hydrocarbons having carbon
numbers in the range of C1 through C3, predominantly C3.

068477-90-7

Gases (petroleum), depropanizer dry, propene-rich

A complex combination of hydrocarbons produced by the distillation of products from
the gas and gasoline fractions of a catalytic cracking process. It consists predominantly of
propylene with some ethane and propane.

068477-91-8

Gases (petroleum), depropanizer overheads

A complex combination of hydrocarbons produced by distillation of products from the
gas and gasoline fractions of a catalytic cracking process. It consists of aliphatic
hydrocarbons having carbon numbers predominantly in the range of C2 through C4.

068477-94-1

Gases (petroleum), gas recovery plant depropanizer overheads

A complex combination of hydrocarbons obtained by fractionation of miscellaneous
hydrocarbon streams. It consists predominantly of hydrocarbons having carbon
numbers in the range of C1 through C4, predominantly propane.

068477-95-2

Gases (petroleum), Girbatol unit feed

A complex combination of hydrocarbons that is used as the feed into the Girbatol unit to
remove hydrogen sulfide. It consists of aliphatic hydrocarbons having carbon numbers
predominantly in the range of C2 through C4.

068478-19-3

Residual oils (petroleum), propene purifn. splitter

A complex residuum from the propene purification unit. It consists of aliphatic
hydrocarbons having carbon numbers predominantly in the range of C3 through C4.
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068478-24-0

Tail gas (petroleum), catalytic cracker, catalytic reformer and hydrodesulfurizer
combined fractionater

A complex combination of hydrocarbons obtained from the fractionation of products
from catalytic cracking, catalytic reforming and hydrodesulfurizing processes treated to
remove acidic impurities. It consists predominantly of hydrocarbons having carbon
numbers predominantly in the range of C1 through C5.

068478-26-2
Tail gas (petroleum), catalytic reformed naphtha fractionation stabilizer

A complex combination of hydrocarbons obtained from the fractionation stabilization of
catalytic reformed naphtha. It consists predominantly of hydrocarbons having carbon
numbers predominantly in the range of C1 through C4.

068478-32-0
Tail gas (petroleum), saturate gas plant mixed stream, C4-rich

A complex combination of hydrocarbons obtained from the fractionation stabilization of
straight-run naphtha, distillation tail gas and catalytic reformed naphtha stabilizer tail gas.
It consists of hydrocarbons having carbon numbers in the range of C3 through C6,
predominantly butane and isobutane.
068478-33-1
Tail gas (petroleum), saturate gas recovery plant, C1-2-rich

A complex combination of hydrocarbons obtained from fractionation of distillate tail gas,
straight-run naphtha, catalytic reformed naphtha stabilizer tail gas. It consists
predominantly of hydrocarbons having carbon numbers in the range of C1 through C5,
predominantly methane and ethane.
068478-34-2
Tail gas (petroleum), vacuum residues thermal cracker

A complex combination of hydrocarbons obtained from the thermal cracking of vacuum
residues. It consists of hydrocarbons having carbon numbers predominantly in the range
of C1 through C5.

068512-91-4
Hydrocarbons, C3-4-rich, petroleum distillate

A complex combination of hydrocarbons produced by distillation and condensation of
crude oil. It consists of hydrocarbons having carbon numbers in the range of C3 through
C5, predominantly C3 through C4.

068513-11-1
Fuel gases, hydrotreater fractionation, scrubbed

A complex combination produced by the fractionation and scrubbing of products from
various hydrotreating units. It consists of hydrogen and hydrocarbons having carbon
numbers predominantly in the range of C1 through C4.

068513-12-2
Fuel gases, saturate gas unit fractionater-absorber overheads

A complex combination produced by the fractionation and absorption of products of the
saturate gas unit. It consists of hydrogen and saturated aliphatic hydrocarbons having
carbon numbers predominantly in the range of C1 through C4.
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068513-13-3
Fuel gases, thermal cracked catalytic cracking residue

A complex combination obtained by the thermal cracking of a catalytically cracked
residuum. It consists of hydrogen and saturated aliphatic hydrocarbons having carbon
numbers predominantly in the range of C1 through C4.

068513-15-5
Gases (petroleum), full-range straight-run naphtha dehexanizer off

A complex combination of hydrocarbons obtained by the fractionation of the full-range s
traight-run naphtha. It consists of hydrocarbons having carbon numbers predominantly in
the range of C2 through C6.

068513-16-6
Gases (petroleum), hydrocracking depropanizer off, hydrocarbon-rich

A complex combination of hydrocarbon produced by the distillation of products from a
hydrocracking process. It consists predominantly of hydrocarbons having carbon
numbers predominantly in the range of C1 through C4. It may also contain small amounts
of hydrogen and hydrogen sulfide.
068513-17-7
Gases (petroleum), light straight-run naphtha stabilizer off

A complex combination of hydrocarbons obtained by the stabilization of light
straight-run naphtha. It consists of saturated aliphatic hydrocarbons having carbon
numbers predominantly in the range of C2 through C6.

068513-65-5
Butane, branched and linear
No definition

068513-66-6
Residues (petroleum), alkylation splitter, C4-rich

A complex residuum from the distillation of streams from various refinery operations. It
consists of hydrocarbons having carbon numbers in the range of C4 through C5,
predominantly butane and boiling in the range of approximately -11.7°C to 27.8°C (11°F
to 82°F).

068514-31-8
Hydrocarbons, C1-4

A complex combination of hydrocarbons produced by thermal cracking and absorber
operations and by distillation of crude oil. It consists of hydrocarbons having carbon
numbers predominantly in the range of C1 through C4 and boiling in the range of
approximately -164°C to - 5°C (-263°F to 31°F).

068514-36-3
Hydrocarbons, C1-4, sweetened

A complex combination of hydrocarbons obtained by subjecting hydrocarbon gases to a
sweetening process to convert mercaptans or to remove acidic impurities. It consists of
hydrocarbons having carbon numbers predominantly in the range of C1 through C4 and
boiling in the range of approximately -164°C to -0.5°C (-263°F to 31°F).
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068527-14-0
Gases (petroleum), methane-rich off ..C1

A complex combination separated by distillation of a gas stream containing hydrogen,

carbon monoxide, carbon dioxide and hydrocarbons having carbon numbers in the range

of C1 through C6 or obtained by the cracking of ethane and propane. It consists

primarily of methane with various small amounts of hydrogen and nitrogen.
068527-16-2

Hydrocarbons, C1-3

A complex combination of hydrocarbons having carbon numbers predominantly in the
range of C1 through C3 and boiling in the range of approximately minus 164°C to -42°C
(-263°F to -44°F).
068527-19-5
Hydrocarbons, C1-4, debutanizer fraction
No definition
068602-83-5
Gases (petroleum), C1-5, wet

A complex combination of hydrocarbons produced by the distillation of crude oil and/or
the cracking of tower gas oil. It consists of hydrocarbons having carbon numbers
predominantly in the range of C1 through C5.

068606-24-6
Hydrocarbons, C4, butene concentrator by-product

A complex combination of hydrocarbons obtained in the production of butene
concentrate. It consists of hydrocarbons having carbon numbers predominantly in the
range of C3 through C5.
068606-25-7
Hydrocarbons, C2-4
No definition
068606-26-8
Hydrocarbons, C3
No definition
068606-27-9
Gases (petroleum), alkylation feed

A complex combination of hydrocarbons produced by the catalytic cracking of gas oil. It
consists of hydrocarbons having carbon numbers predominantly in the range of C3
through C4.

068606-34-8
Gases (petroleum), depropanizer bottoms fractionation off

A complex combination of hydrocarbons obtained from the fractionation of depropanizer
bottoms. It consists predominantly of butane, isobutane and butadiene.

068783-07-3
Gases (petroleum), refinery blend

A complex combination obtained from various refinery processes. It consists of
hydrogen, hydrogen sulfide and hydrocarbons having carbon numbers predominantly in
the range of C1 through C5.
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068783-61-9
Fuel gases, refinery, sweetened

A complex combination obtained by subjecting refinery fuel gases to a sweetening
process to convert mercaptans or to remove acidic impurities. It consists predominantly
of hydrocarbons having carbon numbers predominantly in the range of C1 through C5 a
nd boiling in the range of approximately -73.degree. C to 50.degree. C (-100.degree. F to
122.degree. F).

068783-62-0
Fuel gases, refinery, unsweetened

A complex combination obtained by the fractionation of naphtha and compressed
hydrocarbon gas streams from various refinery processes. It consists predominantly of
hydrocarbons having carbon numbers predominantly in the range of C1 through C5 and
boiling in the range of -73.degree. C to 65.degree. C(-100.degree. F to 150.degree. F).
068783-64-2
Gases (petroleum), catalytic cracking

A complex combination of hydrocarbons produced by the distillation of the products
from a catalytic cracking process. It consists predominantly of hydrocarbons having
carbon numbers predominantly in the range of C3 through C5.

068783-65-3
Gases (petroleum), C2-4, sweetened

A complex combination of hydrocarbons obtained by subjecting a petroleum distillate to a
sweetening process to convert mercaptans or to remove acidic impurities. It consists
predominantly of saturated and unsaturated hydrocarbons having carbon numbers
predominantly in the range of C2 through C4 and boiling in the range of approximately -
51°C to -34°C (-60°F to -30°F).
068814-47-1
Waste gases, refinery vent

A complex combination obtained from various refinery processes. It consists of
hydrocarbons having carbon numbers predominantly in the range of C1 through C5 and
hydrogen sulfide.
068918-98-9
Fuel gases, refinery, hydrogen sulfide-free

A complex combination of light gases consisting of hydrocarbons having carbon
numbers predominantly in the range of C1 through C3. Produced from the fractionation
and subsequent scrubbing of hydrotreating units.

068918-99-0
Gases (petroleum), crude oil fractionation off
A complex combination of hydrocarbons produced by the fractionation of crude oil. It
consists of saturated aliphatic hydrocarbons having carbon numbers predominantly in
the range of C1 through C5.

068919-00-6
Gas (petroleum), dehexanizer off

A complex combination of hydrocarbons obtained by the fractionation of combined
naphtha streams. It consists of saturated aliphatic hydrocarbons having carbon numbers
predominantly in the range of C1 through C5.
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068919-05-1

Gases (petroleum), light straight run gasoline fractionation stabilizer off

A complex combination of hydrocarbons obtained by the fractionation of light
straight-run gasoline. It consists of saturated aliphatic hydrocarbons having carbon
numbers predominantly in the range of C1 through C5.

068919-06-2

Gases (petroleum), naphtha unifiner desulfurization stripper off

A complex combination of hydrocarbons produced by a naphtha unifiner desulfurization
process and stripped from the naphtha product. It consists of saturated aliphatic
hydrocarbons having carbon numbers predominantly in the range of C1 through C4.

068919-10-8

Gases (petroleum), straight-run stabilizer off

A complex combination of hydrocarbons obtained from the fractionation of the liquid
from the first tower used in the distillation of crude oil. It consists of saturated aliphatic
hydrocarbons having carbon numbers predominantly in the range of C1 through C4.

068919-16-4

Hydrocarbons, C3-6, catalytic alkylation by-products

The complex combination of hydrocarbons obtained by the catalytic alkylation of
benzene with propylene. It consists of hydrocarbons having carbon numbers
predominantly in the range of C3 through C6 and boiling in the range of approximately -
40.degree.C to 70.degree.C (-40.degree.F to 158.degree.F). This stream may contain 1to
20 vol. % of benzene.

068919-19-7

Gases (petroleum), fluidized catalytic cracker splitter residues

A complex combination of hydrocarbons produced by the fractionation of the charge to
the C3-C4 splitter. It consists predominantly of hydrocarbons having carbon numbers
predominantly in the range of C3 through C4.

068919-20-0

Gases (petroleum), fluidized catalytic cracker splitter overheads

A complex combination of hydrocarbons produced by the fractionation of the charge to
the C3-C4 splitter. It consists predominantly of C3 hydrocarbons.

068952-76-1

Gases (petroleum), catalytic cracked naphtha debutanizer

A complex combination of hydrocarbons obtained from fractionation of catalytic cracked
naphtha. It consists of hydrocarbons having carbon numbers predominantly in the range
of C1 through C4.

068952-81-8

Tail gas (petroleum), thermal-cracked distillate, gas oil and naphtha absorber

A complex combination of hydrocarbons obtained from the separation of thermal-cracked
distillates, naphtha and gas oil. It consists predominantly of hydrocarbons having carbon
numbers predominantly in the range of C1 through C6.

068952-82-9

Tail gas (petroleum), thermal cracked hydrocarbon fractionation stabilizer, petroleum
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coking

A complex combination of hydrocarbons obtained from the fractionation stabilization of
thermal cracked hydrocarbons from petroleum coking process. It consists of
hydrocarbons having carbon numbers predominantly in the range of C1 through C6.

068955-28-2
Gases (petroleum), light steam-cracked, butadiene conc.

A complex combination of hydrocarbons produced by the distillation of products from a
thermal cracking process. It consists of hydrocarbons having a carbon number
predominantly of C4.

068955-34-0
Gases (petroleum), straight-run naphtha catalytic reformer stabilizer overhead

A complex combination of hydrocarbons obtained by the catalytic reforming of
straight-run naphtha and the fractionation of the total effluent. It consists of saturated
aliphatic hydrocarbons having carbon numbers predominantly in the range of C2

068956-54-7
Hydrocarbons, C4-unsatd.
No definition
071329-37-8
Residues (petroleum), catalytic cracking depropanizer, C4-rich

A complex residuum from the stabilization of catalytic cracked naphtha hydrocarbon
streams. It consists predominantly of hydrocarbons having carbon numbers
predominantly in the range of C3 through C5, primarily C4.

071808-30-5
Tail gas (petroleum), thermal cracking absorber

A complex combination of hydrocarbons obtained from the separation of thermal cracked
naphtha, distillates and gas oil hydrocarbons. It consists of hydrocarbons having carbon
numbers predominantly in the range of C1 through C5.
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EU Category Refinery Gases (Category 35)
CAS No.

008006-20-0
Fuel gases. Low and medium BTU
A complex combination obtained by burning coal or coke with a restricted air or oxygen
supply or by blowing air or oxygen and steam through incandescent coke. The
combustibles consist primarily of carbon monoxide, carbon dioxide and hydrogen.
068477-65-6
Gases (petroleum), amine system feed
The feed to the amine system for removal of hydrogen sulfide. It consists of hydrogen.
Carbon monoxide, carbon dioxide, hydrogen sulfide and aliphatic hydrocarbons having
carbon numbers predominantly in the range of C1 through C5 may also be present
068477-66-7
Gases (petroleum), benzene unit hydrodesulfurizer off

Off gases produced by the benzene unit. It consists primarily of hydrogen. Carbon
monoxide and hydrocarbons having carbon numbers predominantly in the range of C1
through C6, including benzene, may also be present.

068477-67-8
Gases (petroleum), benzene unit recycle, hydrogen-rich

A complex combination of hydrocarbons obtained by recycling the gases of the benzene
unit. It consists primarily of hydrogen with various small amounts of carbon monoxide
and hydrocarbons having carbon numbers in the range of C1 through C6.

068477-68-9
Gases (petroleum), blend oil, hydrogen-nitrogen-rich

A complex combination of hydrocarbons obtained by distillation of a blend oil. It
consists primarily of hydrogen and nitrogen with various small amounts of carbon
monoxide, carbon dioxide, and aliphatic hydrocarbons having carbon numbers
predominantly in the range of C1 through C5.

068477-77-0

Gases (petroleum), catalytic reformed naphtha stripper overheads

A complex combination of hydrocarbons obtained from the stabilization of catalytic
reformed naphtha. It consists of hydrogen and saturated aliphatic hydrocarbons having
carbon numbers predominantly in the range of C1 through C4.

068477-80-5
Gases (petroleum), C6-8 catalytic reformer recycle
A complex combination of hydrocarbons produced by distillation of products from
catalytic reforming of C6-C8 feed and recycled to conserve hydrogen. It consists
primarily of hydrogen. It may also contain various small amounts of carbon monoxide,

carbon dioxide, nitrogen, and hydrocarbons having carbon numbers predominantly in the
range of C1 through C6.

068477-81-6
Gases (petroleum), C6-8 catalytic reformer

A complex combination of hydrocarbons produced by distillation of products from
catalytic reforming of C6-C8 feed. It consists of hydrocarbons having carbon numbers in
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the range of C1 through C5 and hydrogen.

068477-82-7

Gases (petroleum), C6-8 catalytic reformer recycle, hydrogen-rich
No definition

068477-92-9

Gases (petroleum), dry sour, gas-concn.-unit-off

The complex combination of dry gases from a gas concentration unit. It consists of
hydrogen, hydrogen sulfide and hydrocarbons having carbon numbers predominantly in
the range of C1 through C3.

068477-97-4

Gases (petroleum), hydrogen-rich

A complex combination separated as a gas from hydrocarbon gases by chilling. It
consists primarily of hydrogen with various small amounts of carbon monoxide, nitrogen,
methane, and C2 hydrocarbons.

068477-98-5

Gases (petroleum), hydrotreater blend oil recycle, hydrogen-nitrogen-rich

A complex combination obtained from recycled hydrotreated blend oil. It consists
primarily of hydrogen and nitrogen with various small amounts of carbon monoxide,
carbon dioxide and hydrocarbons having carbon numbers predominantly in the range of
C1 through C5.

068478-00-2

Gases (petroleum), recycle, hydrogen-rich

A complex combination obtained from recycled reactor gases. It consists primarily of
hydrogen with various small amounts of carbon monoxide, carbon dioxide, nitrogen,

hydrogen sulfide, and saturated aliphatic hydrocarbons having carbon numbers in the
range of C1 through C5.

068478-01-3

Gases (petroleum), reformer make-up, hydrogen-rich

A complex combination obtained from the reformers. It consists primarily of hydrogen
with various small amounts of carbon monoxide and aliphatic hydrocarbons having
carbon numbers predominantly in the range of C1 through C5.

068478-02-4

Gases (petroleum), reforming hydrotreater

A complex combination obtained from the reforming hydrotreating process. It consists
primarily of hydrogen, methane, and ethane with various small amounts of hydrogen
sulfide and aliphatic hydrocarbons having carbon numbers predominantly in the range of

C3 through C5.

068478-03-5

Gases (petroleum), reforming hydrotreater, hydrogen-methane-rich

A complex combination obtained from the reforming hydrotreating process. It consists
primarily of hydrogen and methane with various small amounts of carbon monoxide,

carbon dioxide, nitrogen and saturated aliphatic hydrocarbons having carbon numbers

predominantly in the range of C2 through C5.
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068478-04-6
Gases (petroleum), reforming hydrotreater make-up, hydrogen-rich

A complex combination obtained from the reforming hydrotreating process. It consists
primarily of hydrogen with various small amounts of carbon monoxide and
aliphatichydrocarbons having carbon numbers predominantly in the range of C1 through
C5.

068478-05-7
Gases (petroleum), thermal cracking distn.

A complex combination produced by distillation of products from a thermal cracking
process. It consists of hydrogen, hydrogen sulfide, carbon monoxide, carbon dioxide and
hydrocarbons having carbon numbers predominantly in the range of C1 through C6.

068478-25-1
Tail gas (petroleum), catalytic cracker refractionation absorber

A complex combination of hydrocarbons obtained from refractionation of products from a
catalytic cracking process. It consists of hydrogen and hydrocarbons having carbon
numbers predominantly in the range of C1 through C3.

068478-27-3
Tail gas (petroleum), catalytic reformed naphtha separator

A complex combination of hydrocarbons obtained from the catalytic reforming of straight
run naphtha. It consists of hydrogen and hydrocarbons having carbon numbers
predominantly in the range of C1 through C6.

068478-28-4
Tail gas (petroleum), catalytic reformed naphtha stabilizer

A complex combination of hydrocarbons obtained from the stabilization of catalytic
reformed naphtha. It consists of hydrogen and hydrocarbons having carbon numbers
predominantly in the range of C1 through C6.

068478-29-5
Tail gas (petroleum), cracked distillate hydrotreater separator

A complex combination of hydrocarbons obtained by treating cracked distillates with

hydrogen in the presence of a catalyst. It consists of hydrogen and saturated aliphatic

hydrocarbons having carbon numbers predominantly in the range of C1 through C5.
068478-30-8

Tail gas (petroleum), hydrodesulfurized straight-run naphtha separator

A complex combination of hydrocarbons obtained from hydrodesulfurization of
straight-run naphtha. It consists of hydrogen and saturated aliphatic hydrocarbons
having carbon numbers predominantly in the range of C1 through C6.

068513-14-4
Gases (petroleum), catalytic reformed straight-run naphtha stabilizer overheads

A complex combination of hydrocarbons obtained from the catalytic reforming of
straight-run naphtha followed by fractionation of the total effluent. It consists of
hydrogen, methane, ethane and propane.

068513-18-8
Gases (petroleum), reformer effluent high-pressure flash drum off
A complex combination produced by the high-pressure flashing of the effluent from the
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reforming reactor. It consists primarily of hydrogen with various small amounts of
methane, ethane, and propane.

068513-19-9
Gases (petroleum), reformer effluent low-pressure flash drum off

A complex combination produced by low-pressure flashing of the effluent from the
reforming reactor. It consists primarily of hydrogen with various small amounts of
methane, ethane, and propane

068513-68-8
Residues (petroleum), deethanizer tower

A complex residuum from the distillation of a gas stream containing hydrogen, carbon
monoxide, carbon dioxide and hydrocarbons having carbon numbers in the range of C1
through C6 or from the cracking of ethane and propane. It consists of hydrocarbons
having carbon numbers in the range of C2 through C6. It may contain small amounts of
benzene.

068527-13-9
Gases (petroleum), acid, ethanolamine scrubber

A complex mixture separated from refinery gas by scrubbing with ethanolamine. It
consists primarily of hydrogen sulfide and carbon dioxide. It may also contain various
small amounts of hydrogen, carbon monoxide and nitrogen.

068527-15-1
Gases (petroleum), oil refinery gas distn. off

A complex combination separated by distillation of a gas containing hydrogen, carbon
monoxide, carbon dioxide and hydrocarbons having carbon numbers in the range of C1
through C6 or obtained by cracking ethane and propane. It consists of hydrocarbons
having carbon numbers predominantly in the range of C1 through C2, hydrogen,
nitrogen, and carbon monoxide.

068602-82-4
Gases (petroleum), benzene unit hydrotreater depentanizer overheads

A complex combination produced by treating the feed from the benzene unit with
hydrogen in the presence of a catalyst followed by depentanizing. It consists primarily of
hydrogen, ethane and propane with various small amounts of nitrogen, carbon
monoxide, carbon dioxide and hydrocarbons having carbon numbers predominantly in
the range of C1 through C6. It may contain trace amounts of benzene.

068602-84-6

Gases (petroleum), secondary absorber off, fluidized catalytic cracker overheads
fractionator

A complex combination produced by treating the feed from the benzene unit with
hydrogen in the presence of a catalyst followed by depentanizing. It consists primarily of
hydrogen, ethane and propane with various small amounts of nitrogen, carbon
monoxide, carbon dioxide and hydrocarbons having carbon numbers predominantly in
the range of C1 through C6. It may contain trace amounts of benzene. A complex
combination produced by the fractionation of the overhead products from the catalytic
cracking process in the fluidized catalytic cracker. It consists of hydrogen, nitrogen, and
hydrocarbons having carbon numbers predominantly in the range of C1 through C3.

068607-11-4
Petroleum products, refinery gases
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A complex combination which consists primarily of hydrogen with various small amounts
of methane, ethane, and propane.

068783-05-1

Gases (petroleum), ammonia-hydrogen sulfide, water-satd.

A water-saturated gas produced by the treatment of waste process water through steam
stripping. It consists of up to 30% hydrogen sulfide and up to 60% ammonia.

068783-06-2

Gases (petroleum), hydrocracking low-pressure separator

A complex combination obtained by the liquid-vapor separation of the hydrocracking
process reactor effluent. It consists predominantly of hydrogen and saturated
hydrocarbons having carbon numbers predominantly in the range of C1 through C3.

068814-67-5

Gases (petroleum), refinery

A complex combination obtained from various petroleum refining operations. It consists
of hydrogen and hydrocarbons having carbon numbers predominantly in the range of C1
through C3.

068814-90-4

Gases (petroleum), platformer products separator off

A complex combination obtained from the chemical reforming of naphthenes to
aromatics. It consists mainly of hydrogen and saturated hydrocarbons having carbon
numbers predominantly in the range of C2 through C4.

068911-58-0

Gases (petroleum), hydrotreated sour kerosine depentanizer stabilizer off

The complex combination obtained from the depentanizer stabilization of hydrotreated
kerosine. It consists primarily of hydrogen, methane, ethane, and propane with various
small amounts of nitrogen, hydrogen sulfide, carbon monoxide and hydrocarbons having
carbon numbers predominantly in the range of C4 through C5.

068911-59-1

Gases (petroleum), hydrotreated sour kerosine flash drum

A complex combination obtained from the flash drum of the unit treating sour kerosine
with hydrogen in the presence of a catalyst. It consists primarily of hydrogen and
methane with various small amounts of nitrogen, carbon monoxide, and hydrocarbons
having carbon numbers predominantly in the range of C2 through C5.

068919-01-7

Gases (petroleum), distillate unifiner desulfurization stripper off

A complex combination stripped from the liquid product of the unifiner desulfurization
process. It consists of hydrogen sulfide, methane, ethane, and propane.

068919-02-8

Gases (petroleum), fluidized catalytic cracker fractionation off

A complex combination produced by the fractionation of the overhead product of the
fluidized catalytic cracking process. It consists of hydrogen, hydrogen sulfide, nitrogen,
and hydrocarbons having carbon numbers predominantly in the range of C1 through C5.

068919-03-9

Gases (petroleum), fluidized catalytic cracker scrubbing secondary absorber off
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A complex combination produced by scrubbing the overhead gas from the fluidized
catalytic cracker. It consists of hydrogen, nitrogen, methane, ethane and propane.

068919-04-0

Gases (petroleum), heavy distillate hydrotreater desulfurization stripper off

A complex combination stripped from the liquid product of the heavy distillate
hydrotreater desulfurization process. It consists of hydrogen, hydrogen sulfide, and
saturated aliphatic hydrocarbons having carbon numbers predominantly in the range of CI
through C5.

068919-07-3

Gases (petroleum), platformer stabilizer off, light ends fractionation

A complex combination obtained by the fractionation of the light ends of the platinum
reactors of the platformer unit. It consists of hydrogen, methane, ethane, and propane.

068919-08-4

Gases (petroleum), preflash tower off, crude distn.

A complex combination produced from the first tower used in the distillation of crude oil.
It consists of nitrogen and saturated aliphatic hydrocarbons having carbon numbers
predominantly in the range of C1 through C5

068919-12-0

Gases, (petroleum) unifiner stripper

A combination of hydrogen and methane obtained by fractionation of the products from
the unifiner unit.

068952-79-4

Tail gas (petroleum), catalytic hydrodesulfurized naphtha separator

A complex combination of hydrocarbons obtained from the hydrodesulfurization of
naphtha. It consists of hydrogen, methane, ethane, and propane.

068952-80-7

Tail gas (petroleum), straight-run naphtha hydrodesulfurizer

A complex combination obtained from the hydrodesulfurization of straight-run naphtha.
It consists of hydrogen and hydrocarbons having carbon numbers predominantly in the
range of C1 through C5.

068955-33-9

Gases (petroleum), sponge absorber off, fluidized catalytic cracker and gas oil
desulfurizer overhead fractionation

A complex combination obtained by the fractionation of products from the fluidized
catalytic cracker and gas oil desulfurizer. It consists of hydrogen and hydrocarbons
having carbon numbers predominantly in the range of C1 through C4.

068989-88-8

Gases (petroleum), crude distn. and catalytic cracking

A complex combination produced by crude distillation and catalytic cracking processes. It
consists of hydrogen, hydrogen sulfide, nitrogen, carbon monoxide and paraffinic and
olefinic hydrocarbons having carbon numbers predominantly in the range of C1 through
Cé.

Page 33 of 38



Final
08/15/00
Consortium #

APPENDIX 2

Analysis of Refinery Gases

While all petroleum gases are composed of the same constituent molecules, their concentrations can vary depending
on their process history and end use. Liquefied petroleum gases are typically sold at the consumer level and hence
their composition is constrained by standards established by the American Society for Testing and Materials
(ASTM). Refinery gases, however, are typically “intermediate streams” since they are consumed or further
processed within the refinery. Their composition is not constrained by any standard specifications and can vary
widely depending on the crude source and current refinery operating conditions. This section discusses the general
composition of refinery gas streams.

Figure 2 shows the relative abundance of major components found in samples taken from 67 refinery gas streams
over a one-year period in a large Gulf Coast refinery. Each graph portrays one component. The height of the bars
represents the number of samples with that concentration of the component, and the position of the bar from right to
left represents the amount of the component in the sample. It shows that, with the exception of hydrogen, very few
of the individual components occur at high concentrations in the gas mixtures. It also shows that the hydrocarbons
can vary over a wide concentration range, although their maximum concentration tends to decrease as the molecular
weight (and boiling point) increases. This is because higher molecular weight hydrocarbons condense more easily at
ambient temperature and are more likely to be recovered in liquid products.

This pattern of component occurrence is representative of that expected for gas stream compositions in typical
petroleum refineries. The shapes of the histograms might be different for different refineries, but the constituents,
the overall character, and the variability in constituent concentrations from sample-to-sample and stream-to-stream
would be similar. If gas streams that are known to be more similar are grouped together, the patterns in these graphs
change but the constituent concentrations still vary significantly. For example, Figure 3 summarizes the components
found in 900 separate analyses of 11 different fuel gas streams (a subset of the 67 streams portrayed in Figure 2). It
shows that methane occurs at higher concentrations in fuel gases and that there is little to no hydrogen sulfide or
oxygen present in fuel gases. Similarly, Figure 4, which contains a subset of 25 streams considered to be
“hydrogen-rich,” shows high concentrations of hydrogen and no nitrogen or oxygen.

It should be noted that the TSCA definitions for refinery gas streams do not typically specify concentrations of the
individual hydrocarbon constituents. They only specify constituents likely to be found in significant quantities in
the stream. Not shown in these graphs is that constituent concentrations for any one stream can also vary widely
within the refinery, and from refinery to refinery, depending on the crude source and operating conditions. For these
reasons, it is possible for a particular gas stream to reasonably match the description of numerous CAS numbered
streams listed on the TSCA inventory. More important is the recognition that the gas streams covered in this test are
all comprised of the same basic hydrocarbon components and vary only in their relative abundance and occurrence
of inorganic constituents.

Detailed Description of Figures 2 to 4

Figures 2 to 4 show frequency histograms for 18 major constituents of 67 different refinery gases. The constituent
name is in the upper right corner of each histogram. Its concentration in mole% (molecules of constituent per 100
molecules of total sample) is shown on the X-axis. The height of each bar represents the number of analyses with

similar constituent concentrations. Each histogram is scaled independently, so the concentrations displayed on the
X-axis are different for each histogram and constituent.

The hydrocarbons start with hydrogen in the upper left of the figure and move down and then right across the page
with increasing molecular weight ending with naphtha at the top of the 3" column. Significant inorganic
constituents appear below naphtha in the 3" column. If a constituent is not detected in any sample included on the
figure, then the histogram for that constituent is left blank. For example, hydrogen sulfide was not detected in
significant quantities by the analytical method used for any of the fuel gas samples in Figure 3.
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The constituent concentrations in Figures 2 to 4 were measured using various gas chromatography methods
depending on the nature and composition of the stream being analyzed. The methods used are well known and in
common use within the industry. While the analytical methods used are appropriate for measuring major
constituents, they are not sensitive enough to detect trace constituents in the parts-per-million concentration range.

Some constituents are combined and shown on a single histogram either for simplicity or due to limitations in the
analytical methods used. Histograms labeled “butenes” display the total concentration of all olefin constituents with
4 carbons listed in Table 2 (1-butene, cis-2-butene, trans-2-butene, 2-methylpropene, and 1,2-butadiene and 1,3-
butadiene if present). Histograms labeled “pentenes” similarly display the total concentration of all olefin
constituents with 5 carbons in Table 2.

The histograms labeled “Naphtha” located in the upper right of Figures 2 to 4 are examples of the carbon number
overlap between the test plan categories. This is discussed in the section “Description of the Petroleum Gases
Category.” (Note: Naphtha as used here describes an intermediate used to make the finished product Gasoline).
This histogram contains the concentration of residual Naphtha that was not removed from the gas stream during
processing. Due to the nature of petroleum and the separation methods used in petroleum refining, small
concentrations of hydrocarbons heavier, lighter, or both than the hydrocarbons primarily addressed in each test plan
will always be present. The composition of the hydrocarbons shown in the “Naphtha” histogram are similar to the
intermediate streams covered in the forthcoming Gasoline Test Plan and will be addressed there. The material in the
“Naphtha” histogram is in effect Gasoline that was not removed from the gas stream during processing.
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Figure 2
All Gas Streams in a Sample Refinery
(Based on 5950 Analyses of 67 Streams)
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Figure 3
Fuel Gas Streams in a Sample Refinery
(Based on 900 Analyses of 11 Streams)
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Figure 4

Hydrogen Rich Gases in a Refinery
(Based on 2170 Analyses of 25 Streams)
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